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In the title compound, trans,trans-[fi-(tn-pheny\ene)bis- 
(ethyne-l,2-diyl)]bis[chlorido(l,4,8,ll-tetraazacyclotetradec- 
ane)cobalt(III)]-frani,fra«^-[/x-(5-bromo-»i-phenylene)bis- 
(ethyne-l,2-diyl)]bis[chlorido(l,4,8,ll-tetraazacyclotetradec- 
ane)cobalt(III)]-tetraphenylborate-acetone (0.88/0.12/2/4), 
[Co 2 (C 12 H4)Cl 2 (C 1 oH 2 4N 4 ) 2 ] 0 . 88 [Co 2 (C 1 oH 3 Br)Cl 2 (C 1 oH 2 4- 
N 4 ) 2 ] 0 12 (C 24 H 20 B) 2 -4C 3 H 6 O, with the exception of the acetyl- 
ene and bromine groups, all atomic postitions are the same in 
the two compounds and are modeled at full occupancy. The 
Co 111 ions are six-coordinate with acetylide and chloride 
ligands bound to the axial sites and the N atoms from the 
cyclam rings coordinated at the equatorial positions. N— 
H- ■ O and N— H- ■ CI hydrogen-bonding interactions help to 
consolidate the crystal packing. 

Related literature 

Metallodendrimers are of interest for their unique catalytic 
and optical properties, see: Mery & Astruc (2006); Onitsuka & 
Takahashi (2003). For Pt(II)- and Ru(II)-containing dendri- 
mers based on a 1,3,5-triethynylbenzene (H 3 TEB) linkage, 
see: Onitsuka et al (2004); McDonagh et al. (2003). For a 
discussion of the structural similarity between halogen and 
ethynyl substituents, see: Robinson et al. (1998). For related 
metal-acetylide structures, see: Weyland et al. (1998); Onit- 
suka et al. (2004). For the structure of [(cyclam) CoCl 2 ] CI, see: 
Ivanikova et al. (2006). For the preparation of trans- 
[(cyclam)CoCl 2 ]Cl, see: Bosnich et al. (1965). General Sono- 
gashira conditions were used to prepare a mixture of 1,3,5- 
triethynylbenzene and l-bromo-3,5-diethynylbenzene (Weber 
et al, 1988). 




Experimental 

Crystal data 

[Co 2 (C 12 H4)Cl 2 (C 10 H 2 4N4)2]o.88- 

[Co 2 (C 1() H 3 Br)Cl 2 (C 10 H 24 - 
N 4 ) 2 ]o.i2-(C 2 4H 2 oB) 2 4C 3 H 6 0 

M r = 1614.61 

Triclinic, PI 

a = 10.1434 (4) A 

b = 17.1412 (7) A 

c = 25.5250 (11) A 

a = 92.609 (1)° 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T mi „ = 0.729, T max = 0.850 

Refinement 

R[F 2 > 2a(F 2 )] = 0.037 
wR(F 2 ) = 0.097 
S = 1.02 

25801 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



2 BPh 4 - ■ 4 C 3 H 6 0 



C 2 H (1, 88%), Br (2, 12%) 



P = 96.864 (1)° 
y = 104.323 (1)° 
V = 4256.2 (3) A 3 
Z = 2 

Mo Ka radiation 
li = 0.56 mm -1 
T = 120 K 

0.60 x 0.30 x 0.30 mm 



40567 measured reflections 
25801 independent reflections 
20379 reflections with / > 2a(T) 
R iM = 0.016 



1001 parameters 

H-atom parameters constrained 

A/w = 0.52 e A~ 3 

APmin = -0.42 e A~ 3 



D-H-A 


£> — H 


H-A 


D- ■ A 


D-H-A 


N5-H5-C12' 


0.93 


2.48 


3.2377 (12) 


139 


N6-H6- ■ 03 


0.93 


2.15 


2.9440 (19) 


143 


N7-H7-02 


0.93 


2.11 


2.9894 (17) 


157 


N8-H8-01 


0.93 


2.03 


2.8730 (17) 


149 



Symmetry code: (i) — x + 2, —y + 1, —Z. 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 

The authors wish to thank Colorado State University and 
the ACS Petroleum Research Fund for financial support. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: QM2008). 
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Crystallographic coincidence of two bridging species in a dinuclear Co 111 ethynylbenzene complex 
W. A. Hoffert and M. P. Shores 

Comment 

From a technological standpoint, metallodendrimers are of interest for their unique catalytic and optical properties (Mery & 
Astruc, 2006; Onitsuka & Takahashi, 2003). A particular subset of metallodendrimers based on ethynylbenzene have been 
pursued because of their structural rigidity and topological anisotropy. Although a variety of Pt(II)- and Ru(II)-containing 
dendrimers based on a 1,3,5-triethynylbenzene (H3TEB) linkage have been reported (Onitsuka et al, 2004; McDonagh 
et al, 2003), we are interested in the properties of first row transition metal TEB complexes for potential applications 
in molecular magnetism (Weyland et al, 1998). For elaboration to higher nuclearity species, the inclusion of an axially 
coordinated anionic ligand that is poized for substitution is vital. 

The synthesis of these macromolecules can be accomplished by divergent or convergent pathways; regardlesss, each 
strategy hinges upon the isolation of structurally characterized "building blocks" prior to dendrimer assembly. The prepar- 
ation of complexes that contain first-row metals is synthetically challenging because of their high kinetic lability relative 

to their second and third row counterparts. In that respect, our initial synthetic targets contain Co 111 because of its relative 
inertness. 

The combination of H3TEB with two equivalents of <ra«s-[(cyclam)CoCl2]Cl produces the dinuclear Co 111 arylacetyl- 
ide-bridged complex 1 in good yield (Figure 1). Initial refinement attempts on high quality X-ray data did not converge sat- 
isfactorily, as the third aromatic substituent showed apparent disorder of the alkynyl group. However, structure refinement 
proceeds smoothly if compositional disorder is invoked. The accepted method for the preparation of 1,3,5-triethynylbenzene 
involves Sonogashira coupling between 1,3,5-tribromobenzene and trimethylsilylacetylene (Weber et al, 1988). On one 
occasion, following the protocol resulted in a batch of TEB containing a sizeable amount of l-bromo-3,5-diethynylbenzene 
(Robinson et al, 1998), indicating incomplete substitution. The impurity was carried through several purification steps, 
eventually affording a mixture of the ethynyl- (1) and bromo- (2) substituted complexes. The crystal structure revealed that 
both components of the ligand mixture were incorporated into metal complexes and the atomic sites were superimposed. 
During structure refinement, the compositional disorder at the aromatic 1 position was modeled with a free variable. Fi- 
nal site occupancy factors indicate that the two ligand components are present in an 88:12 1:2 ratio. This compares favor- 
ably with subsequent NMR analysis of the batch of "H3TEB" ligand, which shows resonance integrations in an 87:13 
H 3 TEB:H 2 BrTEB ratio. 

The molecular structure of the complex cations in 1 and 2 are shown in Figure 1. Each pseudo-octahedral Co 111 cen- 
ter coordinates four nitrogen atoms from the cyclam rings at the equitorial positions with an average Co — N bond length 
of 1.9767 (11) A, which is only slightly longer than the corresponding bond length from the reported structure of trans- 

[(cyclam)CoCi2]Cl (1.9741 (12); Ivanikova et al, 2006). Anionic chloride and acetylide ligands occupy the axial Co 111 co- 
ordination sites with average metal-ligand distances of 2.3076 (4) and 1.8770 (14) respectively. The former bond length is 
significantly longer than the average Co — CI distance in ?rans-[(cyclam)CoCl2]Cl, suggesting that the arylacetylide ligand 
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imparts a stronger trans influence than chloride. The cationic charge is balanced by the presence of two tetraphenylborate 
anions, and the asymmetric unit includes four molecules of acetone. 

Shown in Figure 2, the crystal packing in 1 and 2 is influenced by several weak hydrogen bonding interactions. Notably, 
the complex cations experience a dimeric interaction through pairwise N — H—Cl contacts with a complex in a neighboring 
unit cell. Furthermore, three of the four acetone molecules participate in hydrogen bonds through the cyclam N-H groups. 

In summary, a mixture of H3TEB and l-bromo-3,5-diethynylbenzene combined with ?ra«s-[(cyclam)CoCl2]Cl to yield 
a co-crystallized mixture of 1 and 2. The compounds are superimposed in the solid state with the exception of the 5-posi- 
tion acetylene and bromine groups. Using a free variable to model the compositional disorder, we conclude that the two 

compounds are present in a 88:12 ratio. The first coordination sphere for each Co 111 ion includes an axially replaceable 
chloride ligand, which is a necessary condition for future metallodendrimer assembly. This result exemplifies the key role 
of crystallographic analysis in organometallic synthesis development. 

Experimental 

?ra«^-[(cyclam)CoCl2]Cl was prepared by a previously descibed method (Bosnich et al. 1965). General Sonogashira con- 
ditions were used to prepare a mixture of 1,3,5-triethynylbenzene and l-bromo-3,5-diethynylbenzene (Weber et al, 1988). 
Triethylamine was purchased from Sigma- Aldrich and was distilled prior to use. 

Elemental analysis was performed by Robertson Microlit in Madison, NJ. 

Preparation of 1 and 2: Triethylamine (0.34 ml, 2.42 mmol) was added to a 100 ml round-bottomed flask containing a 
green methanolic (10 ml) solution of [(cyclam)CoCl2]Cl (233 mg, 0.637 mmol) and freshly sublimed mixture (45.5 mg) 

of 1,3,5-triethynylbenzene (87% by ! H NMR) and l-bromo-3,5-diethynylbenzene (13% by l H NMR). The flask was fitted 
with a condenser tube and the solution was refluxed for 24 h, during which time the solution turned orange-brown. The 
solvent was removed by rotary evaporation, and the resulting red-brown residue was washed with 10 ml of absolute ethanol, 
causing an orange solid to precipitate. The solid was isolated by filtration, washed with ethanol (3 x 3 ml) and diethyl ether 
(3x3 ml) and dried in air to afford 92. 1 mg of an orange solid. The orange solid was dissolved in methanol (10 ml) and a 
solution of excess sodium tetraphenylborate in methanol (5 ml) was added, causing a salmon-colored solid to precipitate. 
The solid was isolated by filtration, washed with methanol (3x3 ml) and diethyl ether (3x3 ml) and dried in air to afford 
131 mg of product (0.094 mmol, 30% based on [(cyclam)CoCl 2 ]Cl). Anal. Calcd. for C 85 .74H 10 3.87B2Bro.i3Ci2Co2N 8 02: 
C, 68.68; H, 6.98; N, 7.47. Found: C, 68.33; H, 7.02; N, 7.85. Single crystals suitable for X-ray analysis were grown by 
diffusing diethyl ether vapor into a concentrated solution of the compound in acetone for 2 days. 

Refinement 

Displacement parameters for all non-hydrogen atoms were refined anisotropically. Hydrogen atoms were assigned to ideal 
positions and were refined using a riding model where the displacement parameters were set at 1 .2 times those of the attached 
carbon or nitrogen atoms (1.5 times for methyl protons). 
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Figures 




Fig. 1. Structure of the superimposed complex cations present in 1 and 2 with atomic number- 
ing scheme and thermal ellipsoids rendered at 40° probability. Orange, green, blue, gray, and 
red ellipsoids represent cobalt, chlorine, nitrogen, carbon, and bromine atoms respectively. 
With the exception of the acetylenic hydrogen (H1A, represented by a gray shaded sphere), 
hydrogen atoms have been omitted for clarity. 

Fig. 2. Hydrogen bonding interactions present in the solid state structures of 1 and 2. Thermal 
ellipsoids are rendered at 40% probability. Red ellipsoids represent oxygen atoms. Otherwise, 
the color scheme is identical to that found in Figure 1 . Tetraphenylborate anions, the acetone 
molecule that includes 04 (which does not participate in H-bonding), the bromine substituent 
present in 2, and hydrogen atoms that do not participate in H-bonding have been omitted. 



fra/Js,frans-[u-(/rj-phenylene)bis(ethyne-1,2- diyl)]bis[chlorido(1 ,4,8,1 1-tetraazacyclotetradecane)cobalt(l II)]- 
fra/JS,frans-[u-(5-bromo-/rj-phenylene)bis(ethyne-1,2- diyl)]bis[chlorido(1 ,4,8,11- 
tetraazacyclotetradecane)cobalt(lll)]- tetraphenylborate-acetone (0.88/0.1 2/2/4) 



Crystal data 

[Co 2 (C 12 H4)Cl 2 (C 1 oH 2 4N4)2]o.88[Co 2 (C 1 oH 3 Br)Cl 2 (C^N4) 2 ]o.i2-(C 2 4H 2 oB) 2 -4C 3 H 6 0 



M r = 1614.61 
Triclinic, PI 
Hall symbol: -P 1 
a = 10.1434 (4) A 
b= 17.1412 (7) A 
c = 25. 5250 (11) A 
a = 92.609(1)° 
(3 = 96.864(1)° 
y= 104.323 (1)° 

V= 4256.2 (3) A 3 



F(000) = 1711.8 

D x = 1.260 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 9660 reflections 

6 = 2.1-33.1° 

|i = 0.56 mm 1 

T= 120 K 

Block, orange 

0.60 x 0.30 x 0.30 mm 



Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 



graphite 


Pint 


= 0.016 


cp and co scans 


®max 


= 30.5°, 


Absorption correction: multi-scan 


h = - 


-14- 


->14 


(SADABS; Bruker, 2009) 




r min = 0.729, 7 max = 0.850 


k = - 


-24- 


-^23 


40567 measured reflections 


l = - 


36- 


+35 



25801 independent reflections 
20379 reflections with I > 2a(i) 

, = 2.0° 



Refinement 



Refinement on F 



Primary atom site location: structure-invariant direct 
methods 
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Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.037 
wR(F 2 ) = 0.097 
S= 1.02 

25801 reflections 
1001 parameters 
0 restraints 



Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0448P) 2 + 1.6289P] 
where P = {F 2 + 2F 2 )/3 



(A/0) n 

^Pmax 



x = 0.002 
= 0.52eA 



Ap mi „ = -0.42eA 



Special details 

Experimental. Although we cannot explain the source of the Hirshfield tests that give rise to the B- and C-level alerts, there is no 
evidence of substitutional disorder at the atomic sites mentioned in the alerts. The reason for the presence of a non-integer number of 
atoms is due to substitutional disorder between bromine and acetylene substituents as descibed in the text. Four reflections were omit- 
ted from refinement due to beamstop interference. Probable reasons for the missing cusp of data include beamstop interference and 
data truncation at resolutions higher than 0.70 A during the initial stages of refinement. The low "solvent" U eq in C88 C91 (the central 
C atoms in two of the acetone molecules) compared to neighboring atoms cannot be explained by substitutional disorder or incorrect 
atom type. However, we note that the differences in U eq are relatively minor. The four D — H groups on the cyclam rings do not inter- 
act with acceptors. This has been checked and the exception is apparently common for N — H groups. One of the tetraphenylborate an- 
ions and one of the acetone molecules do not have their centers of gravity within the unit cell. Since neither molecule is the main spe- 
cies, there is no cause for alarm. The s.u. values for the unit cell angles have been checked, and the fact that all angles have the same 
s.u. is purely coincedental. The long C(sp2)-C(spl) bonds noted for C5 — C9 and C7 — Cll appear to be real. Since these bonds include 
an aromatic carbon, this may be a false alarm. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 




Col 


0.569900 (17) 


0.158047 (10) 


0.401709 (7) 


0.01310(4) 


Co2 


0.839505 (18) 


0.470946 (10) 


0.098236 (7) 


0.01540 (4) 


Cll 


0.42722 (3) 


0.056323 (18) 


0.439190 (13) 


0.01862 (6) 


C12 


0.78675 (3) 


0.45872 (2) 


0.006915 (13) 


0.02340 (7) 


Nl 


0.72417 (11) 


0.10677 (6) 


0.41499 (4) 


0.0158(2) 


HI 


0.7961 


0.1377 


0.3995 


0.019* 


N2 


0.50440 (11) 


0.10322 (7) 


0.33001 (4) 


0.0173 (2) 


H2 


0.5574 


0.1342 


0.3074 


0.021* 


N3 


0.63209 (11) 


0.21325 (6) 


0.47314 (4) 


0.0163 (2) 


H3 


0.5739 


0.1843 


0.4950 


0.020* 
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1.515 (2) 


p o /Z TTO/CA 


n n onn 

0.9800 


C26— H26A 


0.9900 


C86— H86B 


0.9800 


C26— H26B 


0.9900 


C86— H86C 


0.9800 


C27— H27A 


0.9900 


C87— C88 


1.482 (4) 


C27— H27B 


0.9900 


C87— H87A 


0.9800 


C28— C29 


1.505 (2) 


C87— H87B 


0.9800 
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CZd — JriZdA 


U.yyUU 


POT I II) "7/' • 

C5 / Jrl5 /C 


n nonn 

u.y&uu 


PTO TUT CD 

CZd — JriZdB 


n nnAA 

u.yyuu 


poo pon 
C55 Cdy 


1 /in^ /qa 
1.4yo (3) 


pon inn a 
CZy — JriZyA 


n nnnn 

u.yyuu 


pon uon a 
Csy — JridyA 


n nonn 

u.yyuu 


czy — JriZyB 


n nnnn 

u.yyuu 


pon uonD 
Csy — JrisyB 


n nonn 

u.yyuu 


pi r\ pi i 
C3U — C3 1 


1.3 14 (Z) 


pon I ion/' 
Csy — JridyC 


n nonn 

u.yyuu 


plA inn * 

C3U — hl3UA 


u.yyuu 


pon pm 

cvu — cy 1 


1 /i/^/i //i\ 
1.4oo (4) 


pi p. TJIAD 

C3U — H3UB 


n nnnn 

u.yyuu 


pnn unn a 
cyu — JriyUA 


n nonn 

u.yyuu 


PI 1 pi T 

C31 — C3Z 


1.315 (Z) 


pnn unnD 

cyu — JriyuB 


n nonn 

u.yyuu 


pi 1 U11 A 


ft QQflfl 


V.7U 1 1 / VV 


0 QROO 

U.70UU 


C31 — H31B 


0.9900 


C91 — C92 


1 .489 (4) 


C32 — H32A 


0.9900 


C92 — H92A 


0.9800 


C32 — H32B 


0.9900 


C92 — H92B 


0.9800 


C33 — C38 


1.398 (2) 


C92 — H92C 


0.9800 


C33 — C34 


1.4053 (19) 






Pin p ~ 1 mi 
C1U — Col — JN3 


nn m /c\ 

yu.3y (3) 


pi 1 pm um a 
C3 1 — C3U — Jri3UA 


109.2 


Pin p~ 1 xT/i 
C1U — COl — JN4 


yZ.33 (3) 


"\T"7 PI p. TJinO 

JN / — C3U — Jrl3UB 


109.2 


JN3 — Col — JN4 


yZ. /3 (3) 


pi 1 Pin U1AD 

C3 1 — C3U — Jrl3Ur> 


1 nn t 
109.2 


Pin p „ i \t i 
C1U — Col — JN 1 


57.00 (3) 


umA pip, Tjmo 
Jrl3UA — C3U — Jrl3Ur> 


1 n"7 n 
10/. 9 


\n P„1 Ml 

JN3 — Col — JN 1 


50.33 (4) 


Pin pi 1 pn 
C3U — C31 — C3Z 


111 "7n /1 1 \ 
113. /9 (13) 


~KJA P^ 1 Mi 

JN4 — Col — JN 1 


1 *7fl T7 /C\ 

i /y.z / (3) 


PIP, P1| I1 1 1 A 

C3U — C31 — Jri31A 


1 no o 
106.6 


Pin p „ i \n 
C1U — Col — JNZ 


on on /c\ 
oy.oy (3) 


pn pi i nil a 
C3Z — C3 1 — Jri3 1 A 


1 no o 
106.6 


JN3 — Col — JNZ 


1 *70 nn //i\ 

i /o.yy (4) 


pip, pi 1 ill 1 D 

C3U — C3 1 — Jri3 1 B 


1 no o 
106.6 


XT /I p„ 1 "\T1 

JN'H Col — JNZ 


Q/Z T7 
50.Z/ (3) 


pn pi i i n i n 
C3Z — C3 1 — rl3 1 r> 


1 no o 
106.6 


XT1 p„ 1 "\T1 

JN 1 — Col — JNZ 


n/i c /c\ 
y4.43 (3) 


III 1 * pi 1 III 1 T) 

Jrl3 1A — C3 1 — Hj IB 


1 m "7 
10/./ 


Pin p„ i pi i 
C1U — Col — Cll 


1 *70 lO //1\ 

1 /5.3Z (4) 


"\to pn pi i 
JN 5 — C3Z — C3 1 


111 on /1 1\ 
111.69 (12) 


"\T1 p„ 1 PI 1 

JN3 — Col — Cll 


oo. Z4 (3) 


xto pn un a 
JN 5 — C3Z — Jri3ZA 


1 nn i 
109.2 


\T/| p„ 1 pi 1 

JN'H Col — Cll 


55. /U (3 J 


( • 1 1 pn i m a 
C31 — C3Z — Jrl3ZA 


1 no o 

luy.z 


XT1 p„ 1 PI 1 

JN 1 — Col — Cll 


n 1 on /I \ 

yi.zy (3) 


xto p n 1 1 1 -> i) 
JN 5 — C3Z — Jrl3Zr> 


1 nn 1 
109.2 


XT'") p^ 1 pil 

JNZ — COl — Cll 


m /in *"3\ 

yi .4y {3 ) 


pi i pn uiid 
C31 — C3Z — rl3Zr> 


1 nn o 

luy.z 


pn p „ "vrc 
C1Z — CoZ — JN3 


on m /c\ 

sy.yz (3) 


I 1 1 * pi TTQ -» I) 

Jri3ZA — C3Z — Jrl3Zr> 


1 n~7 n 
10/. 9 


p 1 /■> p„o XTO 
C1Z — CoZ — JNd 


nn qa fz\ 
yU.54 (3) 


Pio pn pi/i 
C35 — C33 — C34 


11£ m /ii\ 
115.02 (13) 


"\TC p ^> "\TO 

JN j — CoZ — JN 5 


50. ZZ (3) 


P1 o pn id 1 
C3s — C33 — r> 1 


122.53 (12) 


PI 1 P ,» 1 \T/" 

C1Z — CoZ — JNo 


on i h / c\ 
sy.l / (3) 


P1 A P1 1 D 1 

C34 — C33 — B 1 


122.23 (12) 


JN j — CoZ — JN o 


m ti /c\ 
V3. /Z (3) 


pic pi/i pn 
C33 — C34 — C33 


1 ti nn / 1 c\ 
123.09 (15) 


"\TO P^O "\T£ 

JN 5 — CoZ — JN o 


1 *7n n/i /£\ 
l /y.y4 (o) 


pif PI/1 I 11 1 

C33 — C34 — Jri34 


1 1 o c 
116.5 


PI o p _ -) "\TT 

C1Z — CoZ — JN / 


on n sc\ 
5y.Z3 (3) 


pi i pi/i iii i 
C33 — C34 — Jri34 


1 1 o c 

116.5 


"\TC p ^> XTT 

JN 3 — CoZ — JN / 


1 *7n 1 /i 
1 /y.14 (3) 


P1/ pic PI/1 

C3o — C33 — C34 


1 1 n "7"7 /1 c\ 

119. / / (15) 


JN 5 — COZ — JN / 


y3.oo (3 J 


pi / piTf mc 
C30 — C33 — Jrl33 


i ir\ i 
1ZU.1 


JN o — CoZ — JN / 


o/^ /in 
50. 4U (3) 


pi /l PIC I n c 

C34 — C 3 3 — Jrl 3 3 


1 Tn 1 
120.1 


p 1 P„T pi -1 

C 1 Z — CoZ — C1Z 


1 "7*7 /I O f A \ 
1 / / .45 (4) 


pic / • i / pn 
C33 — C3o — C3 / 


iin 1 h /1 
119.1 / (14) 


XTC p „ ^ pi O 

JN j — CoZ — C1Z 


on ic //i\ 
sy.33 (4) 


PIC / • "J / I I "J / 

C33 — C3o — Jrl3o 


i in /i 
120.4 


"N.TO P^O pi o 

JN 5 — CoZ — C1Z 


ni //i\ 
yl.3Z (4) 


pi -7 pi/- I I "J / 

C3 / — C3o — Jrl3o 


1 in /i 
120.4 


~\T/: P„T pi ^ 

JN o — CoZ — C1Z 


OO /I *7 //I \ 

55.4/ (4) 


r^iti pit pio 
C3o — C3 / — C3s 


1 in no / 1 /;\ 
120.06 (16) 


~kih p^t pn 

N7 — Co2 — C12 


n 1 cn ( a \ 

91.50 (4) 


p i /" pn i in 

C36 — C37 — H37 


120.0 


C22— Nl— C21 


111.44(10) 


C38— C37— H37 


120.0 


C22— Nl— Col 


118.63 (8) 


C37— C38— C33 


122.86 (15) 


C21— Nl— Col 


107.18(8) 


C37— C38— H38 


118.6 


C22— Nl— HI 


106.3 


C33— C38— H38 


118.6 


C21— Nl— HI 


106.3 


C40— C39— C44 


114.61 (12) 
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p„ i XT 1 1 1 1 

Col — JN 1 — hll 


1 a/: i 
lUo.3 


CI J — JNZ — C14 


111 1 o pi u 

lll.lo (11) 


pic \TO P ~ 1 

CI J — JNZ — Col 


1 ao i c /o\ 
1U /.3j (o) 


pi 1 /) XTO P^ 1 

C14 — JNZ — Col 


1 1 Ci CH (C\\ 

liy.o / (y) 


CI J — JNZ — hlZ 


in; n 

lUj.y 


pi i /i xto in 
C 1 4 — JN Z — hlZ 


iuj.y 


Col — JNZ — hlZ 


me n 

iuj.y 


Pin mi pin 
CIV — JN3 — CzU 


1 1 n co f\ a\ 
11U.J / (IU) 


pm \ti p^i 
CIV — JN3 — Col 


1 oa i a sc\\ 
1ZU.3U (y) 


p")n "Ml p^, 1 

CZU — JN 3 — CO 1 


1 ao no / o\ 

iu /.yo (0) 


Pin xto 111 
Cly — JN3 — H3 


IUj.o 


CzU — JN 3 — hi 3 


IUj.o 


P„ 1 \TO HI 

Col — JN3 — H3 


1 Af / 

IUj.o 


Clo — JN4 — CI / 


1 1 a nn c\ a\ 
HU.yy (IU) 


pi/: xt /i p„ i 

ClO — JN4 — COl 


1 AO Q"7 ( 0\ 

iu /.y / (o) 


pn XT A p„ 1 

CI / — JN4 — Col 


1 1 O /I i /o\ 

Ho.43 (o) 


p 1 / XT/1 III 

C 1 0 — JN H — rl4 


1 C\£. 0 

lUo.Z 


p 1 -7 XT A I I ,| 

CI / — JN4 — H4 


1 a/: i 
lUo.Z 


p„ 1 XT /I I I ,| 

Col — JN4 — H4 


1 a/: i 
lUo.Z 


PTC XTC PI /I 

Czj — JN j — Cz4 


111 n /i i\ 
111.1 / (11) 


PI C XTC p., ^ 

CZj — JN j — CoZ 


1 1 n ca po\ 

i iy. ju (y ) 


P1 /I XTC P^l 

Cz4 — JN j — COZ 


mo m /n\ 

luo.iy (y) 


PIC XTC IIC 

CZj — JN j — hlJ 


1 ac 7 
IUj. / 


PO /I XTC IIC 

C24 — JN j — hlj 


1 AC *7 

IUj. / 


P„ 1 XTC O C 

COZ — JN j — hlj 


inc t 
IUj. / 


PI "7 XT/i PTO 

Cz / — JNo — Czo 


1 1 n on n n 
HU.oy (11) 


P1 "7 XT/i P ^ ,» 1 

Cz / — JN o — COZ 


i ly.oy (y) 


p^o XT/i p 1 

Czo — JNo — COZ 


1 ao *70 sc\\ 
IU /. /O (y) 


PI -7 XT£ I IA 

CZ / — JN o — hlo 


1 AC 0 

IUj.o 


Pi o XT£ 1 1/: 

Czo — JNo — hlo 


1 AC O 

IUj.o 


P~1 XT£ I I/ 

COZ — JN o — hlo 


1 AC O 

IUj.o 


pin "\to pm 
C3U — JN / — Czy 


111 Ol /1 0\ 

111.23 (12) 


pi A XT' 7 P ~0 

C3U — JN / — COZ 


1 1 o O/i /n\ 
llo.o4 (y) 


p i n xto p ^o 

Czy — JN / — Coz 


1 A*7 CA AOA 

iu /.jy (y) 


PI p. XTO I I "7 

C3U — JN / — xi/ 


1 A£ 1 

lUo.l 


Pin "\TO I I "7 

Czy — JN / — rl / 


1 A£ 1 

lUo.l 


P~0 XTO I I "7 

CoZ — JN / — hi / 


1 A/i 1 

lUo.l 


pn xto pi i 
C3z — JNo — Cz3 


111 T7 / 1 1 \ 
lll.Z/ (11) 


pn xto p „ i 
C3z — JNo — COZ 


i m 11 / 1 a\ 

iiy.ii (iu) 


CZ3 — JNo — COZ 


1 A*7 0*7 / n\ 

iu /.o / (y) 


pn XTQ UO 

C3Z — JNo — hlo 


1 AC Q 

iuj.y 


P1 7 XTO II O 

C23 — JNo — hlo 


1 AC A 

iuj.y 


P~0 XTO I I O 

COZ — JN 0 — hlo 


1 AC A 

iuj.y 


pi i i~> i pin 
C33 — Bl — C39 


1AO "1/1 /1 1 \ 

1U6.24 (11) 


C33— Bl— C51 


109.11 (11) 


C39— Bl— C51 


110.31 (10) 


C33— Bl— C45 


111.16(10) 


C39— Bl— C45 


112.18(11) 


C51— Bl— C45 


105.80 (11) 



pi a pi Pin D 1 

C4U — C3y — r> 1 


1 ii in / 1 1 \ 
lZ3.2y (11) 


p /i /i p 7 n d 1 
C44 — C3y — B 1 


1 11 1 A / 1 1\ 

1ZZ.1U (1Z) 


p /l i pi /l pi p 7 n 

C4 1 — C4U — C3y 


1 ii m /i i\ 
IzZ.y / (13) 


P/1 1 p/1 A TT/1 A 

C4 1 — C4U — H4U 


1 1 Q C 
1 lO.J 


pin pi a pi TT/1A 

C3y — C4U — H4U 


1 1 o c 
1 10.J 


p /II P/11 p /| p. 

C4Z — C4 1 — C4U 


1 1A A A / 1 /1\ 

1ZU.4U (14) 


P/ll p/1 1 JJA 1 

C4Z — C4 1 — hl4 1 


hoc 

i ly.o 


p /l A P/11 O /I 1 

C4U — C4 1 — H4 1 


1 1 A O 

ny.o 


p /l 7 P/11 P/11 

C43 — C4Z — C4 1 


1 1 O C*7 /1 1\ 

llo.j / (13) 


P/1 7 P/11 I I 1 1 

C43 — C4Z — H4Z 


1 OA *7 

1ZU. / 


P/11 P/11 TT/1 1 

C4 1 — C4Z — H4Z 


1 1A *7 
1ZU. / 


P/11 p /I 7 P /I /I 

C4Z — C 4 3 — C 44 


1 1A O 1 / 1 1\ 

120.81 (13) 


P/11 P/11 I I 1 7 

C4Z — C 4 3 — H4 3 


i in i 

i ly.o 


P /1 A P /1 -7 I I | 7 

C44 — C43 — H43 


1 in £ 

ny.o 


p /i 7 p /) /) pin 
C43 — C44 — C 3 y 


ill.bi (14) 


p /I 1 P/1/1 TJ/1/1 

C43 — C44 — H44 


HOT 

118./ 


p 7 n p/i/i T_j/i/i 
C3y — C44 — H44 


hot 
118./ 


p ca p/ic p /] /: 
CjU — C4j — C4o 


115.03 (12) 


/^ca p/i c di 
CjU — C4 j — r> 1 


i/u.jy (iz) 


p /| P/IC ID 1 

C4o — C4 j — B 1 


1 T] jrr /11\ 
1/3.03 (11) 


P /I -7 P/1/T P/IC 

C4 / — C4o — C4 j 


122.58 (13) 


P/i -7 p/i/: 1 1 | / 
C4 / — C4o — rl4o 


1 1 Q "7 
116./ 


pi a c p /i /: i i 1 / 

C4j — C4o — hl4o 


hot 

11a./ 


pi A Q p /I -7 p A £ 

C4o — C4 / — C4o 


120.18 (14) 


P/1 O P/| -7 TT/1 -7 

C4o — C4 / — H4 / 


1 1 n o 

i iy.y 


P /I /; P/ll TJ/II 

C4o — C4 / — H4 / 


nnn 

ny.y 


p A C\ p /| O p /I T 

C4y — C4o — C4 / 


i in nd 

1 iy.04 (14) 


p /| A P/IO TT/1 O 

C4y — C4o — hl4o 


120.5 


P /| -7 P/IO TT/1 O 

C4 / — C4o — hl4o 


1 on c 
120.5 


P /I o p/ia pen 

C4o — C4y — CjU 


1 on n/i / 1 /l\ 
120.04 (14) 


p /| o P/IA TT/1 A 

C4o — C4y — H4y 


1 on n 
120.0 


pen p/in tt/1 n 
CjU — C4y — H4y 


1 on n 
120.0 


p /i n pca p/ic 
C4y — CjU — C4j 


ioo 1 n /1 /i\ 
123.10 (14) 


P/I q PCA I I c A 

C4y — CjU — HjU 


1 1 Q ^ 
116.5 


P/IC PCA TJCA 

C4 j — C J U — hi J U 


1 1 o c 
118.5 


p C P. PC1 pici 

Cjo — CjI — Cjz 


11/1 01 /10\ 

114.81 (13) 


p C/: pel di 

Cjo — Cj 1 — r> 1 


1 00 A A (\ o^ 
122.44 (12) 


p c 1 p C 1 17 1 

Cjz — C j 1 — d 1 


100 /;c /io\ 
122.05 (12) 


PCI PCI p C 1 

C j3 — Cjz — C j 1 


100 on/i/i\ 
122.80 (14) 


PCI PCI O CO 

Cjj — CjZ — HjZ 


no/ 
116.0 


PCI PCI I I CI 

CjI — Cjz — HjZ 


1 1 o /: 
118.0 


p C /1 PCI /'CI 

Cj4 — Cj3 — Cjz 


1 on o 1 / 1 a\ 
120.21 (14) 


p C /1 PCI I TO 

Cj4 — Cj3 — Hj3 


1 1 n n 

ny.y 


C52— C53— H53 


119.9 


C55— C54— C53 


118.82(14) 


C55— C54— H54 


120.6 


C53— C54— H54 


120.6 


C54— C55— C56 


120.55 (15) 


C54— C55— H55 


119.7 
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p/:n di pic 
CoV — 132 — C /D 


1 1 n in/I nl 

1 12. iy (iu) 


p/:n di p/:i 
Co9 — 132 — Co3 


1 pi/: en / 1 nl 
1U0.D9 (1U) 


pic di p/:i 
C/D — 132 — Co3 


1 1 pi en /1 nl 
11U.DU (1U) 


p/n d 0 PCI 

COy — 132 — CD / 


111 f»c 1 1 Ci\ 
lll.UD (1U) 


PIC DI PCI 

C/5 — 132 — CD / 


ini n / 1 nl 
lUo. /3 (1U) 


p/i di pci 
CO 3 — 132 — CD / 


1 nn o 1 / 1 nl 

luy.oi (iu) 


PI P1 TT 1 A 

C2 — C 1 — H 1 A 


1 OPi Pi 

loU.U 


pi pi pi 
CI — C2 — C3 


i /y.3 (4) 


p/i pi po 
C4 — C3 — Co 


1 o a a 1 m\ 
12U.41 (12) 


p/i pi pi 
C4 — C3 — C2 


1 1 n /;i /1 il 

iiy.o/ '1 /) 


PO PI PI 

C8 — C3 — C2 


11(1/11 /l H 

119. yi (17) 


p/i pi d .- 1 
C4 — C3 — Brl 


nn a / 1 il 
12U.24 (12) 


po pi d .- 1 

Co — Co — Brl 


1 in 51 / 1 n 

ny.3i (12) 


PI P/1 pc 

C3 — C4 — CD 


nn in /ni 
12U.1U (12) 


pi P/1 TJ A A 

C3 — C4 H4A 


1 in PI 

12U.U 


PC P/1 TJT/1 A 

CD — C4 H4A 


1 in Pi 

12U.U 


p/: pc p/i 
Co — CD — C4 


nn n pt ii 

ny.i / (ii) 


p/: pc pn 

Co — cd — cy 


1 1 (i no /1 il 

ny.yo (12) 


p/i pc pn 

C4 — cd — cy 


nn o c /nl 
12U.SD (12) 


pc p/: pi 
CD — Co — C / 


111 m /iti 
121.U3 (12) 


pc p/ a 
CD — CO — HOA 


1 in r 

i iy.D 


pi p/: tr/: a 
C / — Co — HoA 


1 1 n c 

ny.D 


po pi p/: 
Co — C / — Co 


1 1 n 1 1 /1 il 
liy. 32 (12) 


po pi pi i 
Co — C / — C 1 1 


in in / 1 il 
122. 2y (12) 


p/; n n i 
Co — C / — C 1 1 


1 1 o i/; /1 il 
llo.2o (12) 


pi ro pi 
C3 — Co — C / 


1 1 n n/i /i il 
liy.y4 (12) 


PI PO TJTO A 

C3 — Co — HoA 


1 in n 
12U.U 


n po Tin * 

C / — Co — HoA 


1 in n 
12U.U 


pi/i pn pc 

c i u — cy — cd 


lie no /1/1\ 
1 /O.Uo (14) 


pn nn p~ 1 

cy — c i u — co i 


1 ii in / 1 1\ 
1 1 5. Iy (12) 


p 1 1 n 1 pi 
C12 — Cll — C/ 


i/;n ii /1^1\ 
loy.3 / (14) 


Cll — C12 — Co2 


111 n^i /11\ 
1 / 1.1)4 (12) 


pn rn pu 
C22 — C 1 3 — C 1 4 


111 £/: /i i\ 
113. Do (12) 


pii ni nn A 
C22 — C 1 3 — H 1 3 A 


1 no n 

luo.y 


pi j pii nil i 

C 1 4 — C 1 3 — rl 1 3 A 


1 no n 

luo.y 


P11 pi i TJITD 

C22 — C13 — HI 313 


1 no n 

luo.y 


PI 1 P 1 1 TT1 ID 

C 1 4 — C 1 3 — H 1 313 


1 no n 

luo.y 


TJ 1 1 A PIT U11D 

H13A — C13 — 111313 


1 ni i 

1U /. / 


Ml P 1 A P11 

N2 — CI A — C13 


iii iri/iii 
111.62 (11) 


JN2 — C14 — H14A 


1 nn i 

iuy.3 


P 1 1 pu TT1 A A 

CI 3 — C14 — 1114 A 


1 nn i 

iuy.3 


\n P| 1 TT1 /|D 

JN2 — CI 4 111413 


1 nn i 

iuy.3 


pil pu TJT 1 /I D 

CI 3 — C14 — 111413 


1 nn q 

iuy.3 


H14A— C14— H14B 


108.0 


N2— CI 5— C16 


106.66(11) 


N2— CI 5— H15A 


110.4 


C16— C15— H15A 


110.4 


N2— CI 5— H15B 


110.4 


C16— C15— H15B 


110.4 



pr/ per Tjrc 

CDo — CDD — HDD 


1 1 n i 

iiy./ 


PCC PC/C PC1 

CDD — CDo — CD 1 


111 Ol /1/1\ 

122.02 (14) 


pee pc/ tjc/; 
CDD — CDo — HDo 


110/ 
llo.o 


pci pc/ tjc/: 
CD1 — CDo — HDo 


110/; 

llo.o 


pco pel p/1 
CDo — CD / — Co2 


11/1 /:i /1 1\ 
1 14.02 (12) 


peo pel di 
CDo — CD / — 132 


111 £0 /11\ 

123.00 (12) 


p/:i pel di 
Co2 — CD / — 132 


in in { 1 1 \ 
121. /U (11) 


pen peo pel 
CDy — CDo — CD / 


111 in / 1 a\ 
ill. /y (14) 


pen peo treo 
CDy — CDo — HDo 


110/ 
llo.o 


pel peo treo 
CD / — CDo — HDo 


110/; 
llo.o 


p/n pen peo 
CoU — CDy — CDo 


1 in /; 1 /"1 /l\ 
12U.01 (14) 


p/n pen tren 
CoU — CDy — HDy 


1 1 n 1 

1 iy. / 


peo pen tren 
CDo — CDy — HDy 


1 1 n 1 

iiy./ 


pen p/;n p/;i 
CDy — CoU — Co 1 


110 11 /1/1\ 

II0./3 (14) 


peo p/;n u/;n 
CDy — COU — HOU 


1 in /; 
12U.0 


p/;i p/;n tr/:n 
Col — CoU — HoU 


1 in /; 
12U.0 


p/:n p/;i p/;i 
CoU — Co 1 — Co2 


iin 11 /11\ 
liy./2 (13) 


p/:n p/;i tj/;i 
CoU — Co 1 — Ho 1 


1 in 1 
12U.1 


p/;i p/;i u/;i 
C02 — CO 1 — HO 1 


1 in 1 
12U.1 


p/:i p/;i pel 
Col — Co2 — CD / 


111 CI /11\ 

123. D3 (13) 


P/1 P/1 TJ/1 

COI — C02 — H02 


1101 
110.2 


pel p/;i tj/;i 
CD / — Co2 — Ho2 


1 1 0 i 
110.2 


p/:/i p/:i p/;o 
Co4 — Co3 — Coo 


11/1 en /1 1\ 
114. Dy (12) 


p/:/i p/:i di 
Co4 — Co3 — 132 


111 C/T /I 1\ 

121. Do (11) 


p/;o p/:i di 
Coo — Co3 — 132 


111 01 /in 
123.03 (11) 


p/:e p/:/i p/:i 
CoD — Co4 — Co3 


111 a a /ni 
123.44 (12) 


p/c p/:/i tr/i/i 
CoD — Co4 — Ho4 


1101 
110.3 


p/;i p/;/i tj/;/i 
Co3 — Co4 — Ho4 


1101 
Ho.3 


p/:/i p/;e p/;/; 
Co4 — CoD — Coo 


1 in in /1 1\ 
12U.2U (12) 


p£/i p/;c u/;e 
C04 — COD — HOD 


1 1 Q Q 

ny.y 


p/£ p/:e u/;e 
Coo — CoD — HoD 


1 1 n n 

ny.y 


p/i p/;/; p/;e 
Co / — Coo — CoD 


110 ce /ni 
llo.DD (13) 


p/:i p/;/: u/;/: 
Co / — Coo — Hoc 


1 in 1 
12U. / 


p/:e p/;/: u/:/: 
CoD — Coo — Hob 


1 in 1 
12U. / 


p/;/: p/:i p/:o 
Coo — Co / — Coo 


1 in /ii /in 
12U.43 (12) 


P/C/C P/1 TJ/1 

COO — CO / — HO / 


1 1 n 0 

iiy.o 


p/;o p/;i tj/;i 
Coo — Co / — Ho / 


1 1 n 0 

iiy.o 


p/;i p/;o /~ 1 /;'J 
Co / — COS — C03 


1 11 ie / 1 y\ 
ill. ID (12) 


p/;i p/:o tj/:o 
Co / — Coo — Hoo 


1 1 O £L 

llo.o 


p/;i p/;o tj/:o 
Co3 — Coo — HOO 


110/; 

llo.o 


pi/i p/;n pin 
C /4 — coy — C /U 


1 1 c no /1 11 
HD.Uo (12) 


pi/1 p/:n di 
C /4 — Coy — 132 


111 CI / 1 11 
121. D / (12) 


pin p/;n di 
C /U — Coy — 132 


111 //] / 1 11 

122.01 (12) 


C71— C70— C69 


122.65 (14) 


C71— C70— H70 


118.7 


C69— C70— H70 


118.7 


C72— C71— C70 


120.37 (15) 


C72— C71— H71 


119.8 


C70— C71— H71 


119.8 
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T T 1 C A /~i 1 c tti fT) 

H 1 5A — C 1 5 — H 15B 


108.6 


XT A /~i i r p i c 

JN4 — C16 — C15 


1 no c/c /1 1 \ 

107.56 (11) 


TvT/1 P 1 £ TT 1 £ A 

JN4 — Clo — H16A 


lino 
110.2 


pi; P 1 £ TT 1 £ A 


1 1 n 0 
110.2 


~KJA P 1 £ 

JN4 — Clo — H16B 


110.2 


pi; P 1 £ TT1/IT} 

CIS — Clo — HloB 


110.2 


rjt/ t P 1 /I TT1/ID 

H 1 o A — C 1 o — H 1 6B 


1 no c 

108.5 


tvt/1 rn pin 

JN4 — C17 — C18 


111 nn / 1 r\\ 
111.90 (10) 


XT A Z" 1 1 *7 TTI T A 

N4 — CI / — HI /A 


1 nn 0 

ioy.2 


pi n pi «7 TTI T A 

Clo — CI / — HI / A 


109.2 


XT/1 pi 7 TT1 7D 

JN4 — CI / — HI IB 


1 nn 0 

ioy.2 


p| O p| 7 TT1 7D 

Clo — CI / — HI IB 


109.2 


tti*7A pn unn 

HI / A — CI / — HI IB 


107.9 


p i -7 p| n p 1 n 

CI 7 — CI 8 — C19 


11/1 n it 

114.00 (ll) 


pn p| n TTIOA 

CI / — Clo — HloA 


1 no 0 

108.8 


pi n pi 0 ttioa 

c 1 y — C 1 0 — H 1 0 A 


108.8 


pn p| n TT| nil 

CI / — Clo — HloB 


108.8 


PI n p| 0 TT1 OD 

C19 — Clo — HloB 


1 no 0 

108.8 


TTI O A pi 0 in on 

H 1 oA — C 1 0 — H 1 oB 


1 no /; 

107.6 


XT! p|f| pi 0 

JN3 — C19 — C18 


111 jrT /1 |\ 
111.6/ (11) 


JN 3 — C 1 9 — H 1 9 A 


1 nn i 
109.3 


pin pm TTini 

ci 5 — ciy — HiyA 


1 nn i 

109.3 


\ii pm TT]/in 

jn 3 — c 1 9 — h 1 y b 


1 nn 1 

109.3 


pi n pm iTinn 

cia — ciy — HiyB 


109.3 


tti n 1 pm tti nn 

h 1 y a — c 1 y — h 1 y b 


107.9 


ti ti pin po 1 

JN3 — C20 — C21 


ino /io / 1 1 \ 

107.42 (11) 


xti ptd tto/". A 
N 3 — CZU — HZUA 


110.2 


P-t 1 P-tP. I T ~W\ ,* 

C2 1 — C20 — H20 A 


110.2 


xti pi^n TnnD 
JN 3 — CzU — HZUB 


110.2 


PO 1 pm TT1/.D 

Cz 1 — CzU — HZUB 


1 1 n 0 
110.2 


H20A — C20 — H20B 


108.5 


\T1 P-t 1 P1A 

Nl — C21 — C20 


1 A/" O Pi ( 1 f\\ 

106.89 (10) 


JN 1 — C2 1 — H2 1 A 


1 1 n 0 

110.3 


pm pT| TT01 A 

C2U — C2 1 — H2 1 A 


1 1 n o 

110.3 


Ml pi! TTOI n 

JN 1 — C21 — H21B 


110.3 


POn PTI itti n 

C2U — C2 1 — HZ 1 B 


110.3 


TTOI A pn [mn 

H21A — C21 — H21B 


1 no /; 

108.6 


TvT 1 POO pn 

JN 1 — C22 — C 1 3 


110 01 /11~T 

112.21 (11) 


mi poo rm a 
JN 1 — C22 — H22A 


1 nn 0 
109.2 


pi i poo im A 
C 1 3 — C22 — HZZ A 


109.2 


TVT1 POO T TO OD 

JN 1 — C22 — HZZB 


1 nn 0 

109.2 


p| 1 POO ITT1D 

C 1 3 — C22 — H22B 


109.2 


TTOO A POO TTOOD 

H22A — C22 — H22B 


107.9 


N8— C23— C24 


107.16 (11) 


N8— C23— H23A 


110.3 


C24— C23— H23A 


110.3 


N8— C23— H23B 


110.3 


C24— C23— H23B 


110.3 


H23A— C23— H23B 


108.5 



pni pTO nni 

C /3 — C 11 — C / 1 


1 1 0 n /1 a\ 
118. / / (14) 


P"71 p-7^ T I "7"> 

C /3 — C /Z — H 11 


1 on £. 
120.6 


r^n \ rno 
C / 1 — C /Z — H /Z 


1 on £. 
120.6 


P"70 P"71 p-7/1 

C /Z — C /3 — C /4 


1 on 1 c i 1 c\ 
120.15 (15) 


P"70 p-71 T I "7 1 

C /Z — C /3 — H /3 


1 1 n n 
119.9 


p-7/1 p-71 TJ*71 

C /4 — C /3 — H 15 


1100 
119.9 


p-71 p-7/1 z^aq 
C /3 — C /4 — Coy 


1 00 Q"7 ( \ 

122.9 / (15) 


P-71 P-7/1 TT-7/1 

C /3 — C /4 — H /4 


110 r 

116.5 


p /-n p-7/1 T_T*7/1 

Coy — C /4 — H /4 


118.5 


p-7/r P "7 C p on 

C /0 — C / J — CoU 


1 1 A OO (1 0\ 

114. /8 (12) 


C /0 — C / D — BZ 


1 00 £0 ( 1 o~\ 
122.09 (12) 


p or. /" "7 C 

CoU — C / J — BZ 


100 10 { ~\ ~\ \ 
IZZ.IZ (11) 


p-7-7 p -7/ P "7 C 

C / / — C /0 — C / D 


100 no 
122.9 / (13) 


p-7-7 p-7/- I I "7/, 

C / / — C /0 — H /0 


118.5 


P "7 C f^HC. UnC 

C / J — C /0 — H /0 


HO ; 

118.5 


p^70 p-7-7 p -7/ 

C /o — C / / — C /o 


1 on i 0 { 1 A\ 
120.38 (14) 


p"70 p-7-7 unn 
C /o — C / / — H / / 


1 1 n 0 
119.8 


P-7Z" p-7-7 unn 
C/0 — C// — H// 


1 1 n 0 
119.8 


nn p-70 r^nn 

c /y — c /o — c / / 


110 /;o 
118.62 (13) 


p-70 p-70 T_T*70 

c /y — C /o — H /O 


1 on 0 
120. / 


p-7-7 p-70 TJ70 

C / / — C /o — H /o 


1 on 0 
120. / 


p-70 p-rn pon 

c /o — c /y — cou 


1 on 11 1 1 1\ 
120.13 (13) 


p-70 p-7n 1 nn 

c /o — c /y — h /y 


1 1 n n 
119.9 


pon p-70 T_T*7n 

CoU — c /y — h /y 


1 1 n n 
119.9 


p-7Pl POA p-7C 

c /y — cou — c / j 


1 oi no i i o\ 
123.08 (12) 


C /y — CoU — HoU 


118.5 


p-7c p or. T_ror. 
C / J — CoU — HoU 


118.5 


POO P O 1 I III I A 

CoZ — Co 1 — Ho 1 A 


1 nn £ 
109.5 


POO p 0 1 1 10 I T) 

CoZ — Co 1 — Ho 1 r> 


1 nn £ 
109.5 


1 It) I A PO 1 I T til O 

Ho 1 A — Co 1 — Ho lr> 


1 HQ ^ 

1U9.5 


POO p O 1 I I O 1 p 

CoZ — Co 1 — Ho 1 C 


1 nn £ 
109.5 


I III 1 A p O 1 1 III 1 P 1 

Ho 1 A — Co 1 — Ho 1C 


1 nn £ 
109.5 


1 10 l n p 0 1 no ip 

Ho IB — Col — HolC 


1 nn £ 
109.5 


( \ 1 poo p 0 1 

Ul — CoZ — Co3 


101 cn l]n\ 
121.6/ (1 /) 


r\ 1 poo p 0 1 

Ul — CoZ — Col 


101 cc /1 o\ 
121 .55 (1 /) 


p 0 1 POO p 0 1 

Co3 — CoZ — Co 1 


1 1 /: 00 /;\ 
116. /8 (16) 


POO p 0 1 1 1 0 1 A 

CoZ — Co3 — Ho3A 


1 nn £ 
109.5 


POO p 0 1 I I 0 1 I) 

CoZ — Co3 — Ho3B 


1 nn £ 
109.5 


I I 0 1 a p 0 1 I I O 1 ID 

Ho 3 A — Co3 — Ho3r> 


1 nn £ 
109.5 


p , l)1 poi I I U 1 / ' 

CoZ — Co3 — Ho3C 


1 nn £ 
109.5 


I I O 1 A p O 1 I I O 1 / " 

Ho3A — Co3 — Ho3C 


1 nn £ 
109.5 


I IllTD p 0 1 uoir 1 

Ho3r> — Co3 — Ho3C 


1 nn £ 
109.5 


pof p 0 /I TJO/I A 

Co j — Co4 — Ho4A 


1 nn £ 
109.5 


POC p 0 A TTO/1TO 

C85 — C84 — H84B 


109.5 


H84A— C84— H84B 


109.5 


C85— C84— H84C 


109.5 


H84A— C84— H84C 


109.5 


H84B— C84— H84C 


109.5 


02— C85— C84 


121.66(17) 
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"N.TC PI A pi 1 ! 

JN 5 — C24 — C23 


1117 m /i i \ 
10/.02 (11) 


ye pi /i i n 1 a 
JN j — C24 — hl24A 


1 1 a i 
110.3 


n-i pi /i m 1 a 
C23 — C24 — hl24A 


11U.J 


ye r^^\ a II") 1 1) 
JN j — C24 — hl24r> 


11(1 T 

110.3 


PI /I 1 1 "> 1 1) 

C23 — C24 — hlZ4r> 


1 1U.3 


I I -> , 1 * PI/1 I 11/1 I) 

hl24A — C24 — hlZ4r> 


1 AO C 
108.0 


ye nc pi /l 
JN D — CZD — CZo 


111 (n\ 
111.35 (12) 


JN j — CZ j — rlZ j A 


1 AO A 

iuy.4 


PI /: [ i")r * 

CZo — CZj — JtIZjA 


1 A A A 

iuy.4 


JN j — CZ j — hlZ jB 


1 AA A 

iuy.4 


CZo — CZj — JtIZjB 


1 AA A 

iuy.4 


I I ~> C * pTf I I ~> C I) 

JtIZjA — CZj — JtIZjB 


1 AO A 

108.0 


PI n P 1 /I ptc 

CZ / — CZo — CZj 


11 ( (11 (1 -7\ 

114. Ul (12) 


PT7 p - )/, 1 1 -> A A 

CZ / — CZo — riZoA 


1 AO "7 


ptc p~> m/ a 
CZj — CZo — hlZoA 


1 AO "7 
108. / 


CZ / — CZo — hlZoB 


1 AO "7 
108. / 


PTC pi/r I 1 1 D 

CZj — CZo — hlZoB 


1 AO "7 
108. / 


in/" a piz: 1 1 ~> /; d 
hlZoA — CZo — hlZoB 


1 A"7 £ 
10 1.0 


JNo — CZ / — CZo 


111 AC /1 1\ 

111.40 (12) 


XTiC POl I m a 

JNo — CZ / — hlZ / A 


1 AA 7 

iuy.3 


PI /: PT7 TTT7 A 

CZo — CZ / — HZ /A 


1 AA 7 

iuy.3 


xt/c pn i mn 
JNo — CZ / — hlZ /B 


1 AA 7 

iuy.3 


PO ✓" pT7 TTT7r> 

CZo — CZ / — hlZ /r> 


1 AA 7 

iuy.3 


I m a PT7 1 1 1 "7 D 

hlZ / A — CZ / — hlZ / r> 


1 AO A 
108.0 


~\T£ PTO pin 

JN o — CZo — CZy 


kith (n\ 
1U /.21 (12) 


\T/: POO ITTQ A 

JN 0 — CZ o — rlZ oA 


11(17 

1 1U. 3 


pin ptq i no a 
CZV — CZo — hlZoA 


1 1 A 1 

1 1U.3 


JN o — C Z o — hlZ or> 


1 1 A 1 

1 10.3 


PIO PIO TT1QF) 

CZV — CZo — hlZoB 


1 1 A 1 
11U.J 


1 a pan TTIQD 

hlZoA — CZo — hlZoB 


1 AO C 

108.5 


"\T*7 pin pio 

JN / — CZy — CZo 


iri7 cc ("ni 
1U /.JO (12) 


m*7 pin inn a 
JN / — CZV — hlZyA 


1 1 A 1 

1 10.2 


C28— C29— H29A 


110.2 


N7— C29— H29B 


110.2 


C28— C29— H29B 


110.2 


H29A— C29— H29B 


108.5 


N7— C30— C31 


111.89(13) 


N7— C30— H30A 


109.2 



Hydrogen-bond geometry (A, °) 




D—H-A 


D—H 


N5— H5-C12' 


0.93 


N6— H6-03 


0.93 


N7— H7-02 


0.93 


N8— H8-01 


0.93 


Symmetry codes: (i) -x+2, -y+\, -z. 





U2 — C85 — C8o 


1 11 1 A (1 H\ 

122.14 (1 /) 


(io/i roc rio( 
C84 — C85 — C8o 


11c ii n ci 
110.21 (15) 


(iOC (~iO(C UOC A 

C85 — C8o — H8oA 


1 AA C 

ioy.5 


(iOC ro( uoco 
C85 — C8o — H8oB 


1 AA C 

ioy.5 


uo(; a r^QC tjo^d 
H8oA — C8o — H8ors 


1 AA C 

ioy.5 


pec r^QC xssQcr^ 
C85 — C8o — H8oC 


1 AA C 

ioy.5 


UOC A rcf( rjo(n 

H8oA — C8o — H8oC 


1 AA C 

ioy.5 


tto(d (io( uotr 
H8oB — C8o — H8oC 


1 AA C 

ioy.5 


(inn (io7 UO"7 A 

C88 — C8 / — H8 / A 


1 AA C 

ioy.5 


(ido (^0"7 UO"7T3 

C88 — C8 / — H8 la 


1 AA C 

ioy.5 


U07A (^0"7 UO"7T3 

H8 /A — C8 / — H8 /B 


1 AA C 

ioy.5 


(ion (io7 UO"7(i 

C88 — C8 / — H8 /C 


1 AA C 

ioy.5 


UO"7 A (io7 UO"7(i 

H8 /A — Co / — H8 /C 


1 AA C 

ioy.5 


H8 /B — C8 / — H8 /C 


1 AA C 

ioy.5 


(ioo (~iO"7 

U3 — C88 — C8 / 


1 11 1 (71 

122.1 (2) 


(^1 (iOO (ion 

U3 — C88 — C89 


1 1 A A (7\ 

ny.y (2) 


(107 (100 rod 
C8 / — C88 — C8y 


1 1 O A (1\ 

118.0 (2) 


(ioo (ion UP(1 A 

C88 — C8y — H8yA 


1 AA C 

ioy.5 


poo (ion uoiiD 
C88 — csy — H8yhS 


1 AA C 

ioy.5 


UOIl A (iO A UOAD 

H8yA — C8y — H8yts 


1 AA C 

ioy.5 


(100 rod uoa(i 

C88 — c.8y — H8yc 


1 AA C 

ioy.5 


UOd A (iO(l UOA(i 

H8yA — csy — H8yc 


1 AA C 

ioy.5 


UOdD (iO(l UOA(i 

H8yhS — csy — H8yc 


1 AA C 

ioy.5 


(1(11 (iaa unn a 

cy 1 — cyo — HyoA 


1 AA C 

ioy.5 


r^A1 r^AA UAAT3 

cy 1 — cyu — Hyuhs 


1 AA C 

iuy.3 


unn a (iaa unnD 

HyoA — cyo — HyoB 


1 AA C 

ioy.5 


(1(11 (inn unnr 

cy 1 — cyo — Hyoc 


1 AA C 

ioy.5 


unn a rnn unnr 

HyoA — cyo — Hyoc 


1 AA C 

ioy.5 


unnD pnn uaa(i 

Hyoo — cyo — Hyoc 


1 AA C 

ioy.5 


r\A rm (inn 

U4 — cy 1 — cy 0 


1 77 Q (Q \ 

ili.i (i) 


r\A rm (107 

U4 — cy 1 — cy2 


111 1 (7\ 

121.1 (j) 


(inn (1A1 rm 

cyo — cy 1 — cy2 


1 1 C C C7\ 

11D.D (2) 


C91— C92— H92A 


109.5 


C91— C92— H92B 


109.5 


H92A— C92— H92B 


109.5 


C91— C92— H92C 


109.5 


H92A— C92— H92C 


109.5 


H92B— C92— H92C 


109.5 



R-A D-A D—H-A 

2.48 3.2377 (12) 139. 

2.15 2.9440 (19) 143. 

2.11 2.9894(17) 157. 

2.03 2.8730 (17) 149. 
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